Background and Objectives: Fatigue is one of the characteristics defining frailty. However, the mechanisms leading to fatigue are still poorly understood. Our objectives were to assess the efficacy of energy utilization (EU) during walking in frail older persons and their level of fatigue.
INTRODUCTION
Aging is known to derive from an accumulation of detrimental changes in cells and tissues thereby increasing the risk of disease and death in an individual. These changes are more pronounced in frail elderly persons who are also more likely than their healthy counterparts to suffer from functional impairment [1] . Frailty has been defined in several ways: a biologic syndrome of decreased reserve and resistance to stressors, secondary to cumulative declines across multiple physiologic systems [2, 3] ; an impairment of the normal homeostatic mechanisms of the organism with aging, also known as "homeostenosis" [4] ; a clinical condition characterized by both increased levels of pro-inflammatory cytokines such as interleukin (IL-6) and immunosenescence [5] .
In accordance with the above observations, Fried et al., using data from the Cardiovascular Health Study, proposed an operational definition of frailty that includes fatigue [3] . Fatigue is a major symptom in seniors [6] and its presence can be associated with or be the cause of three other criteria of frailty, namely the reduction in speed, strength and physical activity [7] . Moreover, fatigue in accomplishing activities of daily living is a strong predictor of onset disability and mortality in non-disabled elderly persons [8] . However, even though fatigue is considered a major component of the frailty syndrome, the pathophysiological mechanism underlying this symptom is still unclear. Fatigue has been defined as an unpleasant feeling disproportionate to the level of exertion that persists during rest [9] . Fatigue has been found to mediate the maximal power in sustained work [8] , and thus is related to the individual's energy reserves and level of fitness. Since fatigue is mainly manifested with activity, the study of energy expenditure while performing a standardized physical performance test such as the 6-Minute Walk Test (6MWT) may assist in a better understanding of the pathophysiological basis of fatigue associated with frailty. Previous work has shown that elderly women with advanced solid tumor malignancies experienced a greater inflammatory load that could be associated with a lower 6MWT performance [10] . The inflammatory state may also contribute to fatigue, as elevated levels of IL-6
were associated with weakness and fatigue in community-dwelling elderly men [11] . Inflammation may impair mitochondrial function or be the manifestation of its dysfunction, and since mitochondria play an important role in energy metabolism, relating fatigue with markers of Adv Geriatr Med Res. 2019;1:e190013. https://doi.org/10.20900/agmr20190013 inflammation and energy expenditure might be of interest in elucidating fatigue [12] .
The aims of this study were to assess the level of perceived fatigue in healthy and frail elderly women after performing a 6MWT, as compared to rest, and to measure their energy expenditure to determine if fatigue was related to an impairment of energy utilization. We wish also to evaluate whether the pro-inflammatory and pro-oxidative states were contributors to the level of perceived fatigue in an attempt to unravel factors explaining fatigue. The original hypothesis for this study was that the subjective fatigue perceived by the frail elderly is associated with a reduced efficacy in energy utilization during activity.
MATERIALS AND METHODS

Subjects
Only women were included as they represent higher proportion of senior population [13] and, it would reduce sex-related variability.
Community-dwelling women (>70 years; 10 healthy and 10 frail) were recruited: frail women from participants of the McGill University Health Centre (MUHC)-Geriatric Day Hospital, and healthy women from the community through ads. Frail women had fatigue as an obligatory variable, were living independently and could perform activities of daily living (ADL), with the exception that they could be receiving help for bathing. In addition, 9 out of the 10 frail participants required the use of either a cane (n = 4) or walker (n = 5) for mobility. Based on the Clinical Frailty Scale [14] , all frail participants were determined to belong in categories 4, 5, or 6, whereas healthy participants were in categories 2 or 3 and none presented the fatigue phenotype. The exclusion criteria for all subjects were as previously reported [15] . All participants signed a consent form approved by the Ethics Review Board of the MUHC.
Overview of the Experimental Protocol
The study was conducted over two (2) visits, the first for screening procedures and to become acquainted with the equipment and the second to perform the walking protocol. Participants were brought to the MUHC for different measurements. During the first visit, subjects gave informed consent, and then completed the MMSE [16] and the Geriatric Depression Scale [17] for memory and mood status. They also indicated the impact of their perceived level of fatigue while preforming their ADLs by placing a vertical line on a 10 cm visual analogue scale (VAS) [18] . Thereafter, they underwent anthropometric measurements and a dual-energy x-ray absorptiometry (DXA) scan. Subjects were then familiarized with a portable closed-circuit Cosmed K4b 2 indirect calorimeter (COSMED s.r.l., Rome, Italy) in order to measure energy expenditure (EE). 
Indirect Calorimetry and Heart Rate
Exhaled pulmonary gases were collected by the portable COSMED K4b 2 unit. The flow meter was attached to a flexible snug-fitting mask that the participants were required to wear for the 30-minute REE and 6MWT.
During REE, subjects were quiet and resting in a supine position under thermo-neutral environmental conditions. Using the COSMED [19] , the exchange of pulmonary gases was analyzed breath-by-breath during the REE and 6MWT as reported [10] . Heart rate (HR) was recorded using the Polar heart rate monitor and the measured VO2 and VCO2 values were used in the Weir equation to calculate REE [20] assuming a nitrogen excretion of 1.2 and 0.9 g kg −1 ·day, for healthy and frail groups, respectively [21] . REE was normalized for weight and lean body mass and oxygen uptake was calculated (mL O2 kg -1 ·min). Averages for HR and for oxygen uptake were also calculated between the 3rd and 6th min of the metabolic steady-state period of the 6MWT. Energy utilization was defined as the average oxygen per meters walked (mL O2 kg −1 ·min·m). At the beginning of testing days, O2 and CO2 sensors were calibrated using gases containing 16% O2 and 4% CO2, respectively.
Six-Minute Walk Test
The 6MWT is a useful assessment tool to measure the exercise capacity of elderly persons [22, 23] . Subjects walked a 30-meter long course and were encouraged to walk as fast as they could while maintaining a walking pace. Subjects were allowed to use their walking aid during the test. The total distance walked in 6 minutes was measured to the nearest 0.1 meter, and walking speed (m/s) was calculated.
Anthropometric and Body Composition Measurements
Height was measured to the nearest 0.5 cm and weight was measured to the nearest 100 g. Body mass index (BMI) was then calculated (kg/m 2 ).
Anthropometric measurements were performed using standard techniques [24] . For the determination of total lean tissue, fat tissue and appendicular muscle mass, a total body DXA (Lunar Prodigy Advance TM , GE Healthcare, Madison, WI, USA) scan was completed and analyzed using [27] . The MDA level, a product of lipid peroxidation was measured by fluorimetric-liquid chromatographic determination [28] . Plasma vitamin E was assayed as αtocopherol by reversed-phase-HPLC with electrochemical detection and UV detection at ε = 292 nm as previously described [29] . Complete blood count, FT4, albumin, pre-albumin, triacylglycerol, total cholesterol, HDL and LDL-cholesterol, and hsCRP were measured at the MUHC laboratory using standard procedures.
Statistical Analysis
Mean differences between groups were compared using independent t-tests and with ANCOVA with age as a covariate for those variables that correlated with age. When normality of the data was not present, nonparametric tests were applied. For the independent t-tests, homogeneity of variance was tested using the Levene test. Pearson correlation coefficient was used to analyze the relationships between variables. Results are presented as mean ± SD. Values were considered significant at p < 0.05.
Statistical analyses were performed with SPSS Statistics (version 15.0.1 Chicago, IL, USA).
RESULTS
Subjects
Frail women were older than their healthy counterparts and their anthropometric characteristics revealed that they were shorter with less triceps skinfold thicknesses and arm circumferences. Both groups were similar for BMI and body composition measurements specified in Table 1 .
Blood Parameters, Oxidative Stress and Inflammatory Markers
There were no significant differences in our comprehensive panel of blood parameters (Table 2) , although higher levels of IL-10 reached borderline significance in the healthy group (p = 0.05).
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Resting Energy Measurements
During the resting state, groups were similar for O2 consumption, CO2 production and RQ, as well as for their REE expressed as total or corrected for body weight and LBM (Table 3) . Frail women had a lower resting heart rate (p = 0.005) when compared to the healthy group. 
Six-Minute Walk Test
The distance walked was significantly shorter and the speed was slower in the frail women, even after taking into account the difference in age (Table 3 ). During the last 3 min of the steady-state test, frail women had a significant lower oxygen uptake, which after correcting for the distance walked disclosed higher energy utilization with a significantly lower average heart rate. The correlation between energy utilization and heart rate was significant (r = −0.44, p = 0.05). There were no differences observed in RQ between groups.
Measures of Fatigue
There was a trend for frail women to perceive more fatigue in their daily lives based on the general VAS (p = 0.078) and in response to the 6MWT, they experienced more fatigue during recovery when compared to Adv Geriatr Med Res. 2019;1:e190013. https://doi.org/10.20900/agmr20190013 healthy women (p = 0.024). The general VAS measure correlated significantly with hsCRP ( Figure 1 ). There were no differences between groups with regard to the pre and post VAS results (data not shown). 
DISCUSSION
This study showed that frail elderly women spend more energy per meter of distance walked, which is an important measure of energy utilization (EU). Furthermore, they perceived more fatigue in response to exercise which could account for the shorter distance walked. These findings indicate a decrease in efficiency of EU in frail elderly women, which might contribute to their often reported fatigue, although we were unable to show a correlation between EU and any of the fatigue VAS assessments.
Energy Utilization (EU)
We added to a commonly employed walking test in elderly persons, 6MWT [23, 30] , a measure of energy expenditure. In a similar study design of elderly women with or without solid malignancies [10] , those with cancer covered shorter distances at slower walking speeds and trended toward an increase in energy utilization. The higher EU per unit of distance walked can be largely explained by two reasons: frail elderly may require more energy to accomplish the same task (=lower energy efficiency) than their healthy counterparts or may need more energy to accomplish a greater task than their healthy counterparts would require.
In our frail population, both components are implicated since it is known that the level of physical fitness enables one to perform for longer periods and to remain below the threshold of fatigue when performing sub-maximal C-reactive protein (mg L -1 ) General fatigue-VAS score (cm) n=20 r=0.525 p=0.017
exercise [31] . It is likewise recognized that frail individuals, due to gait disturbances related to muscle weakness and balance problems, deploy a greater usage of muscle groups as a means of compensating for their walking inadequacy, which is both inefficient and energy costly [32] . The slower gait speed observed in our frail sample may be an indication of this challenge. Another aspect, independent from the physiology of frailty, that might explain the greater EU in our frail women, is their use of assistive devices. Although the relationship between greater EU and use of assistive devices has been reported [33] , it is also known that slow gait speed without devices is associated with increased EU [34] . Of note is that the average gait speed of elderly participants using assistive devices in the Therefore, it is predicted, that had our frail elderly women not used their walking aids, their EU would have been greater. The 6MWT results are also influenced by many other factors, including, number of chronic diseases [35] , the latter likely mediated through impairment of EU, as in lung and cardiac conditions [36, 37] . Our subjects had similar weight, fat mass and appendicular muscle mass and thus their difference in walking speed cannot be explained based on body composition. The discrepancy in walking speed greater than two-fold between groups cannot be attributed to their age or height differences (Table 1) . Rather, a more likely explanation lies in the muscle mass quality leading to weakness or dynapenia [38] , although physical capacity also depends on factors such as balance and an intact neurological system, to name a few [39] . In support of muscle weakness forcing the frail group to recruit more muscle groups and therefore explaining higher EU, is the handgrip data showing significantly higher handgrip strength in the healthy compared with the frail group (Table 1) . At rest, there was no difference observed in O2 uptake and energy expenditure between groups, but with activity it is clear that the frail women are less capable of producing the same degree of work.
One of the landmarks of frail aging is reduced physiological reserves, which becomes apparent under stress and performance conditions, as we have demonstrated.
Fatigue
Despite a difference in the fatigue perceived between groups after the 6MWT, there was no correlation found between the VAS measures of fatigue and the EU. Fatigue is a concept that includes both objective and subjective components and we were probably under powered to demonstrate such a relation because many factors interfere with this perception [9] . In a larger study of 46 younger patients suffering from multiple sclerosis, the energy cost of walking was increased only in those with low gait speed, but as in the present study, no relation was found Adv Geriatr Med Res. 2019;1:e190013. https://doi.org/10.20900/agmr20190013 between EU and perception of fatigue [34] . Measures of fatigue have been related to gait speed in a large sample of community-dwelling older persons [40] . Fatigue was found to predict not only disability and mortality outcomes, but also to mediate the effects of comorbidity and maximal power in sustained work on these two outcomes [8] , and associated with poor muscle endurance in nursing home residents, and is related to both impaired mobility [41] as well as disability [42] . Our results complement the above findings relating fatigue with decreased performance.
Inflammation
In this study, hsCRP is correlated with the general fatigue VAS measure, which is in keeping with other studies relating markers of inflammation with fatigue and muscle weakness [43] . However, both hsCRP and proinflammatory cytokine levels did not differ between the healthy and frail groups. Therefore, from our data we can confirm that readily available hsCRP is a good proxy measure for more sophisticated, but less clinically applicable markers of inflammation such as the cytokines. Despite their state of frailty, no measures of increased inflammation (CRP, Il-1β, IL-6, TNF-α) or redox status (TAS and MDA) were different in the frail compared with the healthy group. Nevertheless, Il-10, a cytokine recognized for having anti-inflammatory properties was significantly higher (p = 0.05) in the healthy group. Furthermore, we have obtained some statistically significant results which may help to better clarify the underlying pathophysiology of fatigue in elderly people.
CONCLUSIONS
This study has potential limitations: including only women may limit the generalizability of our findings, although it enables us to determine significant differences due to reduced variability related to sex in performing the 6MWT. The age differences between groups could be perceived as being responsible for some of the differences in the results.
However, the performance in the 6MWT is an indication that a 6-year age variation cannot account for these differences; the use of assistive walking devices might have created a bias in favor of increasing the EU during the walking test; we likely lacked power to ascertain relationships between fatigue or EU with other variables, including our panel of blood parameters. Using the VAS gives a rough measure of fatigue and we may have had more significance had we used a more precise scale, such as the Fatigue Severity Scale [44] , but we opted for simplicity in applying the VAS immediately after the 6MWT.
In conclusion, frail elderly persons often report fatigue during activity, 
